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INTRODUCTION
It has long been known that hormones of the thyroid
gland participate in the development and function of the
central nervous system (Kollros, 1943).

Manifestations of

the intimate relation between brain activity and hormones of
the gland are seen in the mental retardation of the patient
suffering from hypothyroidism and in the hyperexc1tability
and psychosis often accompanying hyperthyroidism (Eayrs,

1964).
It 1s generally agreed that thyroid hormone accelerates the maturation of many components of the central
nervous system, while conversely 1n the absence of thyroid
hormone maturation is considerably delayed.
Metamorphosis in the amphibian 1s apparently accomplished by specific cell responses to thyroid hormone (reviews
by Allen, 1938; Lynn and Wachowski, 1951; Etkin, 1955; Kollros, 1961).

Individual cells are capable of reacting in

diverse ways to thyroxine, such as by growth in size or
regression, and by differentiation or cell division.
~

In

pipiens larvae, presumptive neurons of the lateral motor

column in the lumbosacral spinal cord have been found to
respond to an implanted thyroxine pellet by a rapid increase
in size {Beaudoin, 1956).

Conversely later in the larval

period, certain of these same neurons respond to thyroxine
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by

becoming pycnotic and disappearing (Kollros and Race,

1960; Race, 1961).

Early in the larval period, exposure to

high thyroxine levels results in precocious cytodifferent1ation of the motor neurons, including the appearance of a
single nucleolus, cytoplasmic processes, and finely granulated nucleoplasm (Reynolds, 1963).
An increased rate of cellUlar multiplication after

thyroxine treatment was first observed by Champy (1922), in
intestine and limb tissues of metamorphosing~ esculenta.
The effects of thyroxine on cell division in the lumbosacral
region of the spinal cord was investigated by Reynolds (1966).
She found a significant increase in mitotic activity in all
regions of the spinal cord.

An

increased mitotic rate in

the larval anuran h1ndbra1n in response to a thyroid pellet
implant was found (Weiss and Rossetti, 1951; Pesetsky and
Kollros, 1956; Pesetaky, 1959).

Similarly, immersion 1n

highly concentrated thyroxine solutions of anuran tadpoles
in early larval stages resulted in increased mitotic activity 1n the telencephalon, d1encephalon, mesencephalon, myelencephalon, and anterior spinal cord (Tusques, 1949; Baffon1, 19.58, 1959; Martin, 1962).

Several studies have shown

that thyroxine controls the growth and size of the cells of
the mesencephalic v nucleus (Hill, 1950; Kollros et al.,

1950; Kollros and Pepern1k, 1952; Kollros and McMurray, 1956).
Hormones greatly influence growth an~ d1fferent1at1on.

Metabolic activities of a cell must occur properly
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if the cell 1s to survive and grow, which means that enzymes,
organic acids, and other substances must be in continuous
production.

Various hormones exert a certain effect on the

metabolism of nucleic acids.

The nucleic acids are biolog-

ically important because they carry the genetic information
necessary for life to continue, evoking the synthesis of
specific new proteins as required.

Both deoxyribonucleic

acid (DNA) and ribonucleic acid (RNA) play roles in protein
synthesis.
After 1nject1on of thyroxine (1mg per day) into
rats, DNA content increased from 22% to J2.% in the kidney
(Mandel, 1951).

Similar increases 1n spleen ranged from

35% to 60% (Mandel, 1952).

Garner (1967) found that the

brain in tadpoles treated with thyroxine showed a slight
increase in DNA content, although the increase was not considered to be significant.

Brown (1968) found that the

brain 1n tadpoles treated with thyroxine showed a significant increase in RNA in comparison ~th the control group.
Frog tadpoles, injected with prolactin or somatotrophin during early stages when the brain cell population
1s rapidly increasing, exhibited marked increases over shaminjected controls in body weight, brain weight, and brain
DNA, throughout subsequent development (Hunt and Jacobson,

1970).

Cohen (1970) found that the total ribosomal RNA

per gram of liver increased with continued exposure of the
tadpoles to thyroxine, with a plateau being reached after

approximately 7 days, the amount being about 1.5 times that
found at zero time.

Thyroxine added in vitro to prepara-

tions of liver cubes from premetamorph1c tadpoles resulted
in a marked enhancement of RNA synthesis as compared with
controls to which no thyroxine has been added (Lan and
Cohen, 1970).
The literature revealed an increased rate of cellular multiplication in the central nervous system, which is
accompanied by an increase DNA, following administration of
exogenous thyroxine.

Since Garner (1967) found that the

brain in tadpoles treated with thyroxine shows a slight
increase in DNA content and Brown (1968) found that the
brain in tadpoles treated with thyroxine shows a significant
increase in RNA in comparison with the control group, it was
thought that these investigations should be extended using
triiodothyronine, a thyroid analog which is reportedly more
potent than thyroxine.

It was also decided to use older tad-

poles to determine whether they respond to triiodothyronine,
a stronger analog of thyroid hormone, since mitotic studies

on older~ pipiens tadpoles showed that the brain does
not respond to thyroxine stimulation during metamorphic
climax.
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MATERIALS AND METHODS
~

clamitans larvae used in this investigation

were obtained from E.G. Stein-hibler Co., Oshkosh, Wisconsin.

The animals were staged according to the method of

Taylor and Kollros (1946) .

The fifty tadpoles selected were

in larval stages ranging from XII to X:V.

Prior works done

on mitotic activity of frogs and other amphibians were performed using either stage III or stage IV.
The fifty tadpoles selected were divided into two
groups.

One group of 25 tadpoles was designated as the con-

trol group and the other group of 25 was designated as the
experimental group.
The larvae in the exper1~ental group were immersed
in 50,,µg/l of triiodothyronine for periods of one, two,
three, four, and five days, respectively.
immersed in tap water.
daily.

The controls were

The solutions and food were changed

After each twenty-four hour period five each of con-

trol and experimental tadpoles were removed and frozen until
needed for the second phase of the investigation.

The brains

were removed and weighed on an analytical balance.

DNA and

RNA were extracted from the brains of both the control and
tr1iodothyron1ne-treated tadpoles, using the technique of
Bradshaw (1966).
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EXTRACTION OF DEOXYRIBONUCLEIC ACID (DNA)
The frog brains were homogenized in a buffer solution of 0.14 ~ NaCl and 0.01 M Na citrate adjusted to PH 7.3.
A Waring blender, which had been placed in the refrigerator
overnight to become chilled, was used to homogenize the tissue.

Fifty ml. of DNA buffer solution were poured into the

blender and the brain tissue was homogenized for one minute.
Homogenization of the frozen tissue serves to break the cell
membranes, subsequently releasing the cellular contents as
a free dispersion.

After homogenization, the homogenate was

centrifuged in a refrigerated centrifuge (2°c) at a speed of
5,000 rpm's for

15 minutes to sediment unbroken cells,

debris, and deoxyribonuclear proteins (DNP).

This also

served to separate the cellular RNA from the cellUl.ar DNA.
RNA is soluble under these conditions and is found 1n the
supernatant fluid.

The RNA extract was poured into a wide

mouth bottle, labeled, and frozen until ready for use in
the RNA portion of the investigation.

The sediment was

washed in DNA buffer solution and centrifuged at a speed of
5,000 rpm's for

sible.

15 minutes to obtain as much DNA as pos-

The supernatant was poured off and discarded.
Twenty-five ml. of cold 2.611 NaCl were used to

break the electrostatic bonds between protein and DNA molecules.

The sediment was broken by shaking in the NaCl for

several minutes.

Protein immediately precipitates.

In

order to dissolve all of the DNA present the suspension was
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poured into a blender and blended for one minute.

Then, it

was poured into a beaker and placed on a magnetic stirrer
for ten minutes.

The DNP salt suspension was centrifuged

at a speed of 20,000 rpm's for 20 minutes at 2°c leaving
the DNA dissolved in the supernatant.
The DNA was precipitated by the addition of four
volumes of 95% ethyl alcohol.

The resulting precipitate

was a film of white fibrous material and a powder-like precipitate that was recovered by wrapping it around the stirring rod and decanting the alcohol.

The precipitated DNA

was then re-dissolved in 25 ml. of distilled water.
METHOD OF DETECTION AND QUANTITATION OF DNA
The simplest method of detection and quantitation
of nucleic acids is based on the fact that DNA and RNA
absorb light of 260 micro-wavelengths very strongly.

The

Dische diphenylamine method for detection of nucleic acids,
which conforms to this simple light absorbance, was used in

this phase of the investigation.

The Dische reaction is

not absolute but does give a reasonable assurance of conducting effectively assayed pure samples of DNA.

This

reaction gives the DNA a blue color, whose intensity is
proportional to the concentration of dissolved nucleic acid
over a specified range.

The range used was 500 micro-

wavelengths.
Six test tubes were placed in a test tube rack and
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labeled, #1, #2, #3, #4,

#5, and #6.

Five milligrams of

lyophilized DNA were dissolved in 5 ml. of distilled water.
This solution was used as the stock solution of DNA.

Two

milliliters of the stock solution were pipetted into tube
#1 and 2 ml. 1nto tube #2.

Two ml. of distilled water were

then pipetted into tubes #2, #3, #4, and #5 respectively.
The contents of tube #2 were mixed well and 2 ml. from it
were transferred to tube #3.

The contents of tube #3 were

mixed well and 2 ml. from it were transferred to tube #4.
The contents of tube #4 were mixed well and 2 ml. were
removed from it and discarded.
during the dilution process.

Test tube #5 was omitted
Test tube #6, containing no

solution, received 2 ml. of the extracted DNA sample.

Four

ml. of Dische diphenylam1ne reagent were pipetted into each
of the s1x test tubes, mixed well, and placed in a 1,000
ml. beaker containing about SOO ml. of water and boiled
over a bunsen burner for ten minutes.

After the ten minute

heating period, all six test tubes were transferred to an
ice bath for a period of five minutes.
allowed to warm to room temperature.

Then each tube was
Tube #1, #2, #3, and

#4 were used to plot a concentration curve to be used as a
template for measuring the amount of DNA in the unknown
sample.

Tube #5 served as a blank while tube #6 contained

the extracted DNA solution of unknown concentration.

The

solutions were then read on a spectrophotometer.
The spectrophotometer was turned on five minutes or
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more before use to allow 1t to warm up.

At the same time it

was adjusted for proper reading (500 micro-wavelengths).
After the warm-up period the machine was tested for zero by
adjusting both the absorbance and transmittance scale knobs
using the blank (tube #5).

Tubes #1 through #4 were read

and a concentration curve was prepared on graph paper.
From the graph the amount of DNA in each of the unknown
samples is determined.

EXTRACTION OF RIBONUCLEIC ACID (RNA)
The frozen RNA was thawed by suspending it 1n DNA
buffer solution.

Then, 25 ml. ef the cold supernatant were

added to 25 ml. of trichloroacetic acid.

This mixture was

poured into a 250 ml. beaker and placed on a magnetic stirrer for 5 minutes.

After stirring was completed, the mix-

ture was placed in an ice bath for 5 minutes.

A cloudy

white coloration appeared with a fine string-like precipitation.

(The trichloroacetic acid aided 1n breaking the

molecules up and provided for the precipitation of proteins
containing RNA).

To complete the precipitation the solu-

tion was poured into 2 centrifuge tubes and centrifuged at

2°c at 15,000 rpm's for 10 minutes. The supernatant was
poured off and discarded.

The precipitate was washed at

low temperature by suspending and stirring in cold acetone,
then centrifuging the precipitate out again.

This proced-

ure was repeated twice, first with cold acetone and second
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using room temperature acetone.

The last run was made for

15 minutes to permit maximum precipitation of RNA and proteins.

The acetone was discarded and the precipitate was

poured into a 50 ml. beaker under a covered hood to
(one hour).

The beaker was then placed into an oven to

complete the drying.

The dry precipitate was suspended in

approximately 2 to 3 volumes of
tube.

dry

1oi

NaCl solution in a test

The test tube was covered with a loose cap and put

in a boiling water bath for 40 minutes.

After boiling, the

test tube was placed in an ice bath for 5 minutes until
room temperature was reached.

The solution was poured 1nto

centrifuging tubes and centrifuged at 6,000 rpm•s for 10
minutes.

The supernatant was collected and the precipitate

(protein) was discarded.
The RNA (supernatant) was precipitated by the addition of 2 volumes of

1oot

merged in an ice bath.

ethyl alcohol in a beaker sub-

one hundred fifty ml. of ethanol

were added and stirred vigorously for 5 minutes.

A fine

white powdered precipitate (RNA) formed in the bottom of
the beaker.

The alcohol was decanted and the RNA was washed

1n acetone and centrifuged at 6,000rpm's for 10 minutes.
The precipitate was dried under the hood and in the oven
for a twenty-four hour period and then weighed on an analytical balance.
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METHOD OF DETECTION AND QUANTITATION OF RNA
The Orc1nol Reaction method for detection of ribonucleic acid was used.

Six test tubes were placed in a

test tube rack and labeled, #1, #2, #3, #4, #5, and #6.
One m1111gram of commercial RNA (yeast) was dissolved in

6 ml. of distilled water.

Several drops of 0.1

added to assist the solution.
tion of RNA.

!

NaOH were

This became the stock solu-

Three ml. of stock solution were pipetted

into tube #1 and 3ml. into tube #2.

Three ml. of distilled

water were pipetted into tubes #2, #3, and #4.

The contents

of tube #2 were mixed well and 3 ml. from it were transferred to tube #J.

The contents of tube #3 were mixed well

and 3 ml. from it were transferred to tube #4.
of tube

The contents

#4 were mixed well and 3 ml. were removed from it

and discarded.

A blank, tube #5, was prepared by placing

3 ml. of distilled water into it.

Test tube #6 was pre-

pared containing 0.5 mg. of the extracted RNA dissolved in
J ml. of distilled water.

This was repeated for the remain-

ing 4 control ~est tubes and the 5 experimental test tubes.
Six ml. of the acid-orcinol reagent (10% FeCl3. 6H20 + HCl)
and o.4 ml. of the alcohol-orcinol reagent (6 gm. Oreinol +
100 ml.

95% ethanol) were added to all test tubes. All test

tubes were placed in a boiling water bath for 20 minutes.
After the 20 minute heating period, all test tubes were
transferred to an 1oe bath for a period of 5 minutes to cool
to room temperature.

12

The spectrophotometer was turned on and allowed to
warm up for at least 5 minutes prior to use.
for reading at 660 micro-wavelength.
by using the blank (#5).

It was set

The machine was zeroed

Then tubes #1 through

#4 were read

and a concentration curve was prepared on graph paper.

From

the graph the amount of RNA in each of the unknown samples

was determined.
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RESULTS
The effects of tr11odothyronine on the DNA and RNA
content in the tadpole's brain were investigated.

Fifty

.E!!!! clamitans larvae 1n stages ranging from XII to
used.

XS/ were

The twenty-five tadpoles designated as the experi-

mental group were immersed in 50pg/1 of triiodothyronine,
while the twenty-five designated as the control group were
immersed in tap water.
SPECTROPHOTOMETRIC MEASUREMENT OF DEOXYRIBONUCLEIC ACID
The Dische diphenylamine method of detection was
used to determine the amount of DNA extracted.

The

extracted DNA sample was read on a spectrophotometer at

100% transmittance and zero absorbance.

Table I summarizes

the results obtained.
The average reading obtained for the control group
was 95.1% transmittance.

The experimental organisms showed

an average reading of 98.1% transmittance.

percentage difference 1s 3.0%.

3%

The average

The experimentals showed a

decrease in DNA.

SPECTROPHOTOMETRIC MEASUREMENT OF RIBONUCLEIC ACID
The amount of RNA extracted was determined by the
Orcinol Reaction method of detection.

The extracted RNA
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samples were weighed on an analytical balance.
are shown in Table II.

The results

An increase in RNA is shown in both

groups, but a greater increase occurred 1n the experimental
tadpoles than 1n the controls.

On the average an increase

occurred each day in both groups.
The extracted RNA samples were read on a spectrophotometer at 100% transmittance and zero absorbance.

The

results are summarized in Table III.
The control group showed an average reading of 99.0%
transmittance compared to an average reading of 97.6% transmittance for the experimental group.

The tr11odothyron1ne-

treated tadpoles showed a greater increase in RNA than the
control tadpoles.
Table II shows that an apparent greater quantity of
RNA was extracted from the controls on the first day and the
fifth day than the exper1mentals.

Table r.v shows that the

brain tissue of the controls in both cases weighed more than
the brain tissue of the exper1mentals.

For the first day

the control tissue weighed 1.8 grams compared to 1.6 grams
for the experimental tissue.

For the fifth day the control

tissue weighed 2.3 grams compared to 1.4 grams for the experimentals.

On the other days (2, 3, and 4), the brain tissue

of the experimentals weighed more than that of the controls.
A truer picture of RNA quantitation is shown by the reading
on the spectrophotometer (Table III).

Equal amounts of the

extracted RNA were weighed out, dissolved, and then read on

15
the spectrophotometer.
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TABLE I
A COMPARISON OF DNA CONTENT EXTRACTED FROM THE BRAIN OF
TRIIODOTHYRONINE-TREATED AND CONTROL TADPOLES
OF ~ CLAMITANS

Day
Periods

Control Group

Experimentals

%Difference

%Transmittance

%Transmittance

1st Day

92.0

95.5

-J.5

2nd Day

95.9

98.5

-2.6

Jrd Day

96.5

96.5

o.o

4th Day

95.0

100.0

-5.0

5th Day

96.3

100.0

-J.7

Over-all

Averages

95.1%

98.1%

From Controls

J.0%
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TABLE II
A COMPARISON OF RNA CONTENT EXTRACTED FROi1 THE BRAIN OF
TRIIODOTHYRONINE-TREATED AND CONTROL TADPOLES
OF~ CLAMITANS

Day
Periods

Control Group
Wt. in Grams

Experimental a
Wt. in Grams

Difference From
Controls

1st Day

0.335

0.332

-0.003

2nd Day

0.348

0.361

+0.013

Jrd Day

0.350

o.469

+0.119

4th Da.y

0.334

0.529

+0.195

5th Day

o.424

0.392

-0.032

over-all
Averages

0.358

o.417

+0.059
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TABLE III
A COMPARISON OF RNA CONTENT EXTRACTED FROM THE BRAIN OF
TRIIODOTHYRONINE-TREATED A1fD CONTROL TADPOLES
OF~ CLAMITANS

%Difference

Day
Periods

%Transmittance

Controls Group

Exper1mentals
%Transmittance

1st Day

99.0

98.0

+1.0

2nd Day

99.0

97.5

+1.5

Jrd Day

99.5

99.0

+0.5

4th Day

98.5

97.5

+1.0

5th Day

99.0

96.0

+J.O

over-all
Averages

99.0%

9?.6%

From Controls

1.4%
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TABLE IV
A COMPARISON OP WEIGHT OF BRAIN TISSUE PROM 'JHICH
DNA ANDRA WERE EXTRACTED

Day
Per1ods

Total Wt. of

Total Wt. of

1n Grams

1n Grams

5 Controls

5 Exper1mentals

Difference Prom
Controls

1st Da:,

1.8

1.6

-0.2

2nd Day

1.6

1.7

+0.1

Jrd Day

1.4

2.5

+1.1

4th Day

1.3

2.1

+0.8

5th Day

2.J

1.4

-0.9

over-all
Averages

1.68

1.87

0.19
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DISCUSSION
The results of studies on DNA and RNA content in the
brain o f ~ clamitans larvae following treatment have been
presented.
Presumptive neurons of the lateral motor column 1n the
lumbosacral spinal cord o f ~ p1p1ens larvae have been found
to respond to thyroxine 1n three ways at different times during metamorphosis.

These motor neurons respond to an implanted

thyroxine pellet by a rapid increase in size (Beaudoin, 1956).
Later in the larval period, certain of these same neurons
respond to thyroxine by becoming pycnotic and disappearing
(Kollros and Race, 1960; Race, 1961).

Early in the larval

period, exposure to high thyroxine levels results in precocious cytod1fferentiation of the motor neurons (Reynolds,

1963).

In response to a thyroid pellet implant, an increased

mitotic rate in the larval anuran hindbrain was found (Weiss
and Rossetti, 1951; Pesetsk.y and Kollros, 1956; Pesetsky,

1959).

Immersion in highly concentrated thyroxine solutions

of anuran tadpoles in early larval stages resulted in
increased mitotic activity in the telencephalon, diencephalon, mesencephalon, myelencephalon, and anterior spinal
cord (Tusques, 1949; Baffoni, 1958, 1959; Martin, 1962).
The present study shows that there is a decrease in DNA content of experimental animals over control animals for the
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same time period.

Th.is was probably attributable to older

tadpoles being used, stages XII to X:J.

In older tadpoles

mitotic rate declines after prolonged treatment and oells
may become pycnotic and disappear (Kollros and Race, 1960;
Race, 1961; Weiss and Rossetti, 1951; Martin, 1962; and Reynolds, 1966).
Garner (1967) found that the brain in tadpoles treated
with thyroxine showed a slight increase in DNA content,
although the increase was not considered to be significant.
Younger tadpoles were used in his investigation.
Brown (1968) found that the brain in tadpoles treated
with thyroxine showed a significant increase in RNA in comparison with the control group.

The total ribosomal RNA per

gram of liver increased with continued exposure of the tadpoles to thyroxine, with a plateau being reached after approximately 7 days, the a.mount being about 1.5 times that found
at zero time (Cohen, 1970).

The present findings revealed a.n

increase 1n the RNA content of the brain o f ~ olamitans
after being immersed 1n triiodothy-ronine solution for a fiveday period.

This probably occurred because older tadpoles

were used in the investigation.

According to Weiss and Ros-

setti (1951), Martin (1962), and Reynolds {1966), there is
an initial increase 1n mitotic rate followed by a decline
after prolonged treatment with thyroid hormone on the nervous
system o f ~ pipiens.

These investigators suggested that

thyroxine brings about a precocious maturation of cells
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resulting from mitosis.

Weiss a.nd Rossetti found that mitotic

activity in the hindbrain continues at a fairly uniform rate,
at least through stage XIII.

After the initial spurt of

mitotic activity in the hindbrain, it was found that no further enhancement occurred, indicating that the response was
a brief, direct, and immediate one to the thyroxine.

During

this increased mitotic rate the nucleus increases in size
while the cytoplasm decreases.

The predominant activity is

the synthesis of DNA and the nuclear constituents that are
related to it and are required for the process of division.
When metamorphic climax is reached mitosis ceases and cell
growth begins, during which RNA synthesis occurs.

According

to Brown and L1ttna (1964), little, if any RNA is synthesized
during cleavage stages in frogs and toads, but RNA synthesis
increases at gastrulation.
Martin (1962) showed that the brain of thyroxinetreated tadpoles becomes better differentiated than untreated
tadpoles.

The increase in RNA content can possibly be

attributed to the differentiating brain tissue.

Differentia-

tion is accelerated . under the influence of thyroid hormone.
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SUMMARY
1. ~ clamitans tadpoles between stages XII and XV were
used in order to determine the effects of tr11odothyronine on DNA and RNA content in the tadpole brain.
2. It was found that the brain 1n tadpoles treated with
tri1odothyron1ne showed an average decrease 1n DNA content
and an increase in RNA content.

J. It was eoneluded that tr11odothyron1ne apparently stimulates RNA synthesis in the brain o f ~ clam1tans tadpoles.

The decrease in DNA was probably due to the fail-

ure of older tadpoles to respond to the stimulatory effects
of tr11odothyronine by an increase in mitotic rate.
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